This chapter deals with the synthesis of Lanthanum calcium manganites (La 0.5 Ca 0.5 MnO 3 ) with a composition close to charge ordering, by high energy ball milling and discusses its thermoelectric power in the temperature range of 5K-300K. Mandal's model has been applied to fit thermoelectric power data in the region below the Curie temperature (T C ). For temperatures lower than120K, due to the co-existence of a charge ordered state with a spin-glass state, the variation of thermoelectric power is maximum and exhibited a colossal peak value. This has been explained by incorporating Kondo properties of the spin-glass along with magnon scattering. FC-ZFC magnetization measurements indicate the existence of a glassy state in the region corresponding to a maximum value of thermoelectric power. Mott's polaronic model has been employed to explain the thermoelectric power observed in the high temperature region (T>T C ). X-ray Photoelectron Spectroscopy has been utilised to estimate the Mn 4+ 
/Mn
3+ ratio and it has been found that the ratio is optimal characteristic of a charge ordered compound.
Introduction
Thermoelectric materials are eco-friendly and are promising candidate for energy conversion and are the focus of research recently.
Thermoelectric power or Seebeck coefficient is the rate of change of thermoelectric voltage with temperature. It may be noted here that possible applications of thermoelectric materials are in eco-friendly refrigeration, electric power generation by using waste heat and solar heat, temperature controlled-seats, portable picnic coolers and in satellites [1] [2] [3] [4] . For a good thermoelectric material, it must have high thermoelectric figure of merit ZT, for practical applications, ZT > 1 [4] . Thermoelectric materials can also find applications in the area of refrigeration based on the principle of Peltier cooling [4] . If the efficiency is significantly improved, thermoelectric devices can be a good solution to today's energy crisis. In order to maximize the thermoelectric figure of merit, a large value of Seebeck coefficient is a pre requisite.
Manganites represent highly correlated electron system and they exhibit a variety of phenomena such as charge, orbital and magnetic ordering, colossal magneto resistance and Jahn-Teller effect [5] . The strong inter-dependence between the magnetic order parameters and the transport coefficients in manganites make much research interest in their thermoelectric power properties [6] . Perovskite class of compounds belonging to the manganites RE 1-x AE x MnO 3 [where RE is a rare earth metal and AE is a divalent cation] series satisfies the requirement of low lattice thermal conductivity. Here, large thermal motion or rattling of rare earth atoms (R) with localized magnetic moments is believed to be responsible for low thermal conductivity of these compounds. The 4f levels in these compounds, lying near to the Fermi energy, create large density of states at the Fermi level and hence they can exhibit a high Seebeck coefficient [7] .
Thus manganites are potential materials for thermoelectric applications [8] .
The physical properties of mixed valent manganites are determined by both the amount of substitution and average radius of substituted divalent cations [9] . which in turn prevents the occurrence of long range magnetic order [12] .
Hence the composition corresponding to x = 0.5 is critical and physical properties close to this composition are unique. It has been pointed out that various effects such as localization due to charge ordering [13] , short range magnetic ordering due to spin-glass [12] , electron-electron correlation [14] , electron-magnon scattering and electron-phonon scattering strongly modify the temperature dependence of transport properties, especially their thermoelectric power [15] [16] [17] .
Intermediate bandwidth manganites based on calcium, especially, the charge ordered composition, La 0. 
Characterization
The crystal structure of the sample was determined by using a Rigaku D-Max -C, X-ray diffractometer using Cu K α radiation of 1.54Å and the fine structure was refined by using Rietveld refinement [FullProf employing BE of aliphatic carbon at 284.6 eV with a sensitivity of ± 0.2 eV.
Results and Discussions

Structural studies using XRD
The crystal structure of the sample was determined by using X-ray diffraction. The X-ray powder diffraction pattern of LCMO5 is shown in 
Compositional analysis using XPS
Since the mixed valence ratio of manganese (Mn are almost identical to previous studies [24] . Evidence for the existence of mixed valence states of manganese is obtained from the curve fitting results correspond to the Mn 2p 3/2 spectra. It is evident from figure (3.5.b) 
Magnetic Characterization using FC/ZFC and MH loops
Temperature dependent ZFC and FC magnetization was measured in [29] . In the FC mode, as the temperature is further reduced, the magnetisation increases resulting in a slope change in M-T curve at around 55K. Thereafter below 50 K, the magnetisation is nearly independent of temperature. On the other hand, the magnetisation recorded after zero field cooling shows a peak at intermediate temperatures of around 55 K. During zero field cooling from 300 K to 10 K, the moments will be randomly frozen to form a glassy state due to the competing FM-AFM interactions in the system. Subsequent warming of the system in an applied magnetic field will aid the randomly frozen moments to align along the field direction. This result in a rise in ZFC moment and once the thermal energy overrules Zeeman interaction, the ZFC moment starts decreasing resulting in a peak in ZFC magnetisation around the spin-glass transition temperature. Moreover, from figure 3.6 it can be noted that the irreversible temperature in the FC/ZFC magnetisation increases with decrease in the applied field, which is also a characteristic of a spin-glass system. Dagotta et al. reported an AFM spin ordering referred to as canted AFM spin ordering at low temperatures for charge ordered compositions [12] . Since the nominal ratio, Mn 4+ /Mn 3+ ~ 1, LCMO5 qualifies to be a charge ordered composition.
The broad peak at low temperatures observed in ZFC can be because of the overlapping of peaks and can be due to both the frustrated glassy transition and the AFM spin ordering [12, 30] . The results indicate that a frustrated magnetic phase has nucleated below T CO due to the co-existence of COAFM and FM phases at very low temperatures [30] . Earlier, Garcia-Landa et.al has claimed the co-existence of charge order state with a cluster glass state at low temperatures in Gd 0.5 Sr 0.5 MnO 3 [31] . Hence at low temperature, in LCMO5, the charge ordered state coexists with a spin-glass state. transitions at higher fields [18, 32] . Previous reports on the meta magnetic transition in manganites is based on the co -existence of a FM phase in the COAFM matrix [32] [33] [34] . When the temperature is increased to 58K, signatures of this meta magnetic transition is still visible although the high field hysteresis is reduced due to thermal excitation. At 300 K, the measured M-H curve for LCMO5 is characteristic of a typical paramagnet. The hysteresis loop of LCMO5 at 10K exhibits a coercive field of 260 Oe, whereas at 58K the coercivity decreases to 150 Oe (inset b in fig 3.7) . This coercivity decrement with increasing temperature also supports spin-glass like transition in LCMO5. It is to be noted that preparative conditions do alter size/ grains of particles of magnetic materials and therefore, preparative conditions do have an indirect bearing on the coercivity of these samples [35] [36] . Earlier, Iniama et al reported on the particle size dependence of LCMO5 on coercivity [37] . They reported that coercive field is negligible for bulk samples, whereas with decreasing particle size, coercivity enhances.
Thermoelectric power studies
The 
Low temperature behaviour
A major variation in thermoelectric power is observed in this charge ordered region, where for temperatures T<120K, this variation of thermoelectric power is maximal and exhibit a peak value of -80mV/K at 58K. For this specific region, the charge ordered state co-exists with the spin-glass state as deduced from ZFC magnetization measurements. Hence the above mentioned prominent variation in thermoelectric power with respect to temperature below T C has been analyzed based on the charge ordered spin-glass state.
There is no general relationship to interpret TEP corresponding to the FM region. Earlier Blatt et al. explained the broad peak observed in S at low temperature for iron by magnon drag [40] . Later Mandal interpreted the low temperature TEP data of divalent doped manganites by adopting a spin wave theory giving due attention for magnon drag interactions [6] . He analyzed the TEP data in the FM phase using an expression is attributed to the magnon drag contribution which strongly influences the low temperature TEP data in manganites and T S 4 4 is accredited to the spin wave contribution. The present TEP data in the low temperature region, especially where CO coexist with a spin-glass, the prominent peak observed at 58K cannot be completely fitted by the model presented by Mandal. Since LCMO5 is a critical composition which lies in the boundary between the FM and COAFM phase of this series, FM and COAFM phases co-exist leading to a magnetically frustrated glassy state.
In the present investigation, the temperature corresponding to the colossal thermoelectric power peak value of ~80mV/K observed is close to 
Conclusions
The single phase charge ordered composition La 0.5 Ca 0. Earlier we observed colossal thermoelectric power in charge ordered intermediate bandwidth manganite La 0.5 Ca 0.5 MnO 3 and was explained based on charge ordering and occurrence of spin glass states. With a view to extending such a study on small bandwidth Gd-Sr manganites, both unmilled and milled forms of Gd 1-x Sr x MnO 3 (x =0.3, 0.5, and 0.6) samples were prepared. This chapter discusses the size effect on the contribution to thermoelectric properties from different scattering mechanisms. Charge ordered compositions, both milled and unmilled forms, exhibited colossal thermoelectric power. Compared to unmilled samples, thermoelectric power of charge ordered milled samples exhibit higher values. Emphasis is laid in studying the role of grain boundary and grain size on different scattering mechanisms responsible for colossal thermoelectric power in charge ordered manganites. The absolute value of thermoelectric power almost doubled in the case of milled samples and attained a maximum value of -69 mV/K at 42K, where a spin glass transition takes place. In order to explain the occurrence of transition at ~42K, Field cooling and Zero field cooling magnetic measurements were conducted.
